INTRODUCTION
Oligocene-Miocene shallow-marine Tethyan sediments contain several age-diagnostic groups of hyaline larger foraminifera, including miogypsinids, lepidocyclinids, and nummulitids, which can be used for biostratigraphic zonation and regional correlation (Tan Sin Hok, 1932; van der Vlerk, 1955; Drooger, 1963 Drooger, , 1993 Adams, 1970 Adams, , 1983 Adams, , 1984 Adams and others, 1983; Drooger and Laagland, 1986; Cahuzac and Poignant, 1997) . These groups have been reported across a huge area stretching from Europe to the central Pacific and to Central America (Adams, 1984; Drooger, 1952 Drooger, , 1993 . The faunal composition and foraminiferal distributions during this period are not homogeneous, and a detailed comparison of EuropeanMediterranean assemblages with those of Southeast Asia suggests independent evolution of most of the larger foraminiferal genera (Adams, 1984; Drooger, 1993; Renema, 2007) .
Many foraminiferal species, especially in the Far East, have been erected based on the seemingly independent evolution of the lineages in both Europe and Southeast Asia. Most previous studies (Adams, 1983; Adams and others, 1983; Poignant and Lorenz, 1985; Butterlin, 1987 Butterlin, , 1991 Drooger, 1993; Rö gl, 1998) have suggested that the Oligocene-Miocene larger foraminifera of the Tethys could be divided into two main paleo-biogeographic units, namely the Western Tethyan (Mediterranean) and Indo-Pacific (Indo-West Pacific) provinces. This biogeographic concept is based on foraminifera and other invertebrate groups such as molluscs (see Harzhauser and others [2002] for a review) and corals (Wilson and Rosen, 1998) in Europe, Pakistan, western India, and Southeast Asia. It has been, however, argued that the lack of data from the eastern Mediterranean region and further east has imposed limitations on defining the boundaries between these paleo-biogeographic provinces (Adams and others, 1983; Drooger, 1993; Harzhauser and others, 2002, 2007; Renema, 2007) .
A review of larger Early Miocene foraminifera in the Western Tethys province shows that some groups, such as Eulepidina and Spiroclypeus, became extinct by the end of the Oligocene, whilst Nephrolepidina and Miogypsina died out by the end of the Burdigalian (Drooger and Laagland, 1986; Drooger, 1993; Cahuzac and Poignant, 1997; Fig. 1) . Cycloclypeus has been noted from only the Oligocene of Spain, Italy, Malta, and Israel (Matteucci and Schiavinotto, 1977, 1985; Drooger and Roelofsen, 1982; Laagland, 1990) , and it has not been reported to occur in Lower Miocene rocks of the circum-Mediterranean region (Cahuzac and Poignant, 1997) . However, this genus (represented by C. cf. indopacificus) was described from the supposedly Aquitanian deposits in Oman (Racey, 1995) , the only Early Miocene locality for Cycloclypeus along the southern margin of the Tethys Sea.
Reports of Eulepidina (Wielandt-Schuster, 2004) in the Early Miocene of the Western Tethys have remained debatable in the absence of adequate paleontological data supporting an Early Miocene age for the deposits discussed. The occurrence of the aforementioned taxa in Lower Miocene deposits of Southeast Asia and Australia, however, has been widely reported (van der Vlerk, 1928; Coleman, 1963; Adams, 1965 Adams, , 1970 Adams, , 1984 Chaproniere, 1984) . In addition to some earlier works, a large amount has been published on Southeast Asia, particularly Indonesia, the Philippines (Hanzawa and Hashimoto, 1970; Matsumaru, 1974; Hashimato and others, 1977, 1980; Hashimoto, 1982 , and references therein), and Japan (Matsumaru, 1980) , documenting the distribution of the larger benthic groups in the Oligocene and/or Lower Miocene. The correlation of these sections with European stages, however, causes some difficulties because there is a paucity of larger foraminifera common to both regions, and the taxonomy of the aforementioned groups is usually problematic (Adams, 1984; Renema, 2007) .
The correlation of East Indian Letter Classification with the European standard stages is also hampered by controversies in the stratigraphic distribution of some foraminifera compared to the standard scale in Europe, since the first/last appearance data play an important role in the delineation of stage boundaries (see Adams [1970] for a review on the Letter Classification in the Tertiary of the Far East and Fig. 2 for its correlation with standard European stages for part of the Oligocene and Miocene). This is seen in the recent works of Boudagher-Fadel and Banner (1999) and Renema (2007) , who presented different stratigraphic range charts for Early Miocene foraminifera. The extinction of Eulepidina and Spiroclypeus in the Indo-West Pacific province was proposed as an important event marking the Aquitanian-Burdigalian boundary according to Renema (2007) , but the genera range above the upper Te and lower Tf1 boundary, which was correlated with the upper part of the Burdigalian by Boudagher-Fadel and Banner (1999) . In addition, the first appearance of Miogypsina, reported to occur around the ChattianAquitanian boundary in India and the Far East (Adams, 1970 (Adams, , 1984 Raju, 1974) , was thought to mark the Aquitanian-Burdigalian boundary according to Boudagher-Fadel and Banner (1999) . This paper describes some larger foraminifera from the Adilcevaz region in eastern Turkey that resemble those reported from the Early Miocene of the Far East and the Burdigalian of Europe. Specimens of Eulepidina similar to those described from this locality, and showing an IndoPacific affinity, are known from Burdigalian deposits in two separate regions in central and southwestern Turkey. Biometric features of these assemblages from the Sivas Basin and the western Taurides (Antalya region) are also discussed here for comparison. The stratigraphic position of the assemblages, in the absence of planktonic data, is based on the miogypsinids Miogypsina globulina and Miolepidocyclina burdigalensis, the former being a common worldwide marker for the Burdigalian, and the latter confined to the Burdigalian in the circum-Mediterranean region (Drooger, 1993) .
A SYNOPSIS OF THE EARLY MIOCENE AGE-DIAGNOSTIC HYALINE LARGER FORAMINIFERA
The stratigraphic distribution of Early Miocene larger foraminifera, widely recognized in the Far East and in Europe and discussed here, is given next (Figs. 1 and 2 ).
NEPHROLEPIDINA
The main Western Tethyan Nephrolepidina lineage based on parameters C and A (explained in the header of Table 1 and partly shown in Fig. 3 ) was described from Greece by de Mulder (1975) . This includes the species succession of Nephrolepidina praemarginata (1 , C mean , 3, 35 , A mean , 40), Nephrolepidina morgani (3 , C mean , 5.25, 40 , A mean , 45), and Nephrolepidina tournoueri (C mean . 5.25, A mean . 45). Ribbing, which corresponds to the enlargement of the equatorial layer in axial section, has not been reported in any of these species. Nephrolepidina tournoueri is a distinct Burdigalian species, although overlap may occur with N. morgani (Fig. 1) . Nephrolepidina is widely reported from the Far East, though few publications described the biometric aspects of the genus. Van Vessem (1978) established the species succession from Lepidocyclina isolepidinoides (C mean , 2.25, A mean , 40), to Lepidocyclina sumatrensis (C mean , 3.75, 40 , A mean , 52.5), Lepidocyclina angulosa (C mean , 4.75, A mean . 52.5), Lepidocyclina martini (4.75 , C mean , 6.5, A mean . 52.5), and Lepidocyclina rutteni (C mean . 6.5, A mean . 52.5) from the Indo-Malaysian region (Fig. 2) Drooger (1993) . The species succession and stratigraphy of Nephrolepidina are from de Mulder (1975) and Cahuzac and Poignant (1997) . Eulepidina data are from various sources. Cycloclypeus data are from Laagland (1990) . X and V refer to the total number of post-embryonic spiral chambers and symmetry index of the two protoconchal spirals for Miogypsina and Miogypsinoides.
(1984) adopted the same concept when describing Early Miocene Nephrolepidina orakeiensis and N. howchini from Australia and New Zealand by lumping the ribbed and unribbed specimens into the same taxonomic unit.
EULEPIDINA
There is little published information available on the biometry of Western Tethyan and Indo-West Pacific Eulepidina, and most descriptions follow a typological species concept. In addition, the stratigraphic age of some of these records cannot be confidently demonstrated due to the absence of associated age-diagnostic taxa. Consequently, many taxa, especially in the Far East, are considered to have rather wide stratigraphic ranges. Moreover, specimens that have quite different features in their equatorial layerin terms of embryon dimensions, degree of embracement of the protoconch by the deuteroconch, and the density of annuli around the embryon-have been lumped under the same taxon, as seen in the comparison of the equatorial sections of E. ephippioides by van der Vlerk (1928), Coleman (1963), and Cole (1963) . In the Far East in supposedly Early Miocene deposits, Eulepidina have been described under several names, such as E. ephippioides Jones and Chapman, 1900 , E. formosa Schlumberger, 1902 , E. badjırraensis Crespin, 1952 , E. bridgei Cole, 1953 , E. gibbosa Cole, 1953 , E. monstrosa Yabe, 1919 , and E. insulaenatalis (Jones and Chapman, 1900) . Recent studies (Boudagher-Fadel and Banner, 1999; Renema, 2007) on the Indo-Malaysian region have not revised the taxonomy and stratigraphic distribution of Eulepidina, and this is reflected in Figure 2 , where we refer only to Eulepidina spp. A discussion of some of these taxa is provided under the description of E. aff. formosa. In the Western Tethys province, the occurrence of Eulepidina in Lower Miocene deposits cannot be confidently determined despite several reports suggesting its persistence into the Aquitanian (Wielandt-Schuster, 2004 ). The only reported taxon, E. elephantina, characterized by giant embryons and extraordinarily large equatorial chamberlets, seems to be confined to the late Chattian, based on our unpublished data from the Muş Basin in Turkey. A recording of this species from the Aquitanian (Wielandt-Schuster, 2004) , based on the microspheric generation alone, is unsupported by the associated fauna. According to the most recent zonation of the European Oligocene and Miocene (Cahuzac and Poignant, 1997) , Eulepidina is not known to occur in the Miocene (Fig. 1) .
MIOGYPSINA/MIOGYPSINOIDES
The most remarkable difference between Miogypsina and Miogypsinoides is the presence of lateral chamberlets in the former . The two genera comprise a main lineage and several side branches ( Figs. 1 and 2 ). The early members of this group, excluding the very sporadic Miogypsinoides cf. bermudezi and M. butterlinus, reported from Upper Chattian deposits in India and Spain, respectively, are represented by long-spired Miogypsinoides complanatus. This primitive taxon was proposed to give rise to the succession M. formosensis -bantamensis -dehaartiindica (Raju, 1974; Drooger, 1993) , the latter two of which are known only from western India and/or the IndoMalaysian region. Miogypsinoides dehaarti, however, has also been reported from Europe (Wildenborg, 1991 Raju (1974) and Drooger (1993) , with their revised stratigraphic ranges for the upper part of the Miogypsina and Lepidosemicyclina lineages following Boudagher-Fadel and Banner (1999) and Renema (2007) . X and V scales (referring to the total number of post-embryonic spiral chambers and symmetry index of the two protoconchal spirals, respectively) for Miogypsina and Miogypsinoides are from Drooger (1993) . The species of Nephrolepidina are from van Vessem (1978) . Its existence in the Middle Miocene is from various sources, and its possible occurrence in the Late Miocene is after Adams (1984) . Cycloclypeus data are mainly from Tan Sin Hok (1932), with tentative stratigraphic position of species after Drooger (1993) and partly Chaproniere (1984) . Stratigraphic distribution of Eulepidina and correlation of East Indian Letter Classification (Te and Tf) with standard stages are after Renema (2007) . M. bantamensis level in India (Drooger, 1993) . In Europe, a few long-spired primitive Miogypsina species, such as M. septentrionalis and M. basraensis, precede M. gunteri, a common Aquitanian species of both regions. Based on the X and V scales (these parameters are explained in the header of Table 2 and are partly shown in Fig. 3 ), a succession of Miogypsina species represented by M. gunteri -tani -globulina -intermedia -cushmani -mediterranea/ antillea covers the evolution of the main lineage during the Aquitanian and Burdigalian (Drooger, 1993) . Miogypsina globulina, widely reported in the Western Tethys and IndoPacific areas, is a key species for the Burdigalian. The stratigraphic range of M. antillea, representing the final stage of the main lineage in the Indo-West Pacific, straddles the Lower-Middle Miocene boundary (van Vessem, 1978; Boudagher-Fadel and Banner, 1999; Renema, 2007; Fig. 2) .
MIOLEPIDOCYCLINA
This is a distinct European-Mediterranean side branch of the main Miogypsina lineage, starting from M. socinicharacterized by a rather peripherally located embryonic stage-to M. burdigalensis and its successor M. negrii, both of which have a centrally located embryonic stage (de Mulder, 1975; Schiavinotto, 1979; Delicati and Schiavinotto, 1985; Wildenborg, 1991; Drooger, 1993) . The former species was reported to be associated with M. tani in the Late Aquitanian, whilst the latter two are found with M. globulina in the Burdigalian (Drooger, 1993; Fig. 1) .
CYCLOCLYPEUS
According to Drooger and Laagland (1986) , Laagland (1990) , and Cahuzac and Poignant (1997) , this genus is restricted to the Chattian (with the first appearance around the Rupelian-Chattian boundary) in the Western Tethys region, where three successive species can be followed (the meaning of the parameters is explained in the header of Table 3 ): Cycloclypeus droogeri (P mean 5 100-130 mm and Y mean 5 23-32, the lower part of SBZ 22A), Cycloclypeus mediterraneus (P mean . 120-160 mm and Y mean 5 16-23, the upper part of SBZ 22A) and Cycloclypeus eidae (P mean 5 60-90 mm and Y mean 5 16-20, SBZ 23). The first two taxa can be arranged into an evolutionary lineage, apparently unconnected with C. eidae. Recently, Cahuzac and Poignant (2004) reported a single specimen of Cycloclypeus from the Middle-Late Burdigalian of South Aquitaine, but they did not illustrate the equatorial section, and their specimen had a surprisingly small test diameter (0.65 mm, based on their Pl. 5, Figs. 5 and 6). Therefore, until there is more convincing documentation, this record cannot be used to prove the presence of Cycloclypeus in the Mediterranean Burdigalian. Racey (1995, p. 14) reported Cycloclypeus cf. C. indopacificus from a poorly described locality at Quriyat in Oman, associated with Spiroclypeus tidoenganensis, Heterostegina borneensis, H. costata, Eulepidina sp. cf. E. ephippioides, Nephrolepidina sp. cf. N. tournoueri, Miogypsinoides dehaarti, and Austrotrillina sp. The latter four taxa were not illustrated, although the suggested Aquitanian age of the deposits is based on their presence. Therefore, this locality must be considered very circumspectly in paleo-biogeographic reconstructions.
The detailed study of the genus Cycloclypeus began in the Far East with Tan Sin Hok (1932), followed by Drooger (1955) and Chaproniere (1984) : their results are summarized in Drooger (1993) . According to him, the Indonesian record started in the Oligocene with Cycloclypeus koolhoveni, bearing a relatively large proloculus (P mean 5 ,150 mm) and many pre-cyclic chambers (Y mean 5 23-31). This taxon also differs from the contemporary Mediterranean C. droogeri in having rather high cyclic chamberlets (as opposed to the nearly isometric chamberlets of C. droogeri). Its successor, C. eidae, appeared in the Late Oligocene and had parameters similar to those found in the Mediterranean. It ranged up to the early Middle Miocene, although it shows a very slow rate of evolution, which, according to Laagland (1990, Fig. 15 ) stops at about P mean 5 120 mm and Y mean 5 15. From the Early Miocene, C. eidae in the Far East is associated with C. carpenteri, which had a much larger proloculus and fewer pre-cyclic chambers. From the late Middle Miocene until the present, only C. carpenteri can be recognized. The different opinions about the relationship of C. eidae and C. carpenteri are discussed in detail in Drooger (1993) .
OPERCULINA
Relatively little attention has been paid to this genus except by Hottinger (1977) and Less (1991) . Cahuzac and Poignant (1997) claimed that it was represented by a single species, referred to as Operculina complanata, which Journal of Foraminiferal Research fora-39-01-05.3d 26/11/08 14:55:51 27 FIGURE 3. Measurement system for megalospheric larger foraminifera (most of the parameters are explained in the headers of Tables 1, 2, and 3). A, B Miogypsinid with two principal auxiliary chamberlets (PAC): A-F 5 apical-frontal axis; P-D 5 embryonic axis; in these figures, c is positive. C Nephrolepidina: AAC 5 accessory auxiliary (adauxiliary) chamberlets with direct stolon connection with the deuteroconch (parameter C in Table 1 ); circumference of the protoconch where I 5 embraced and J 5 not embraced by the deuteroconch; n 5 number of annuli within 1 mm distance measured from the deuteroconch along the axis of the embryon. D Cycloclypeus: in this figure, X 5 1, S 4+5 5 6, S 14 5 11, and Y 5 18. appeared in the Western Tethys province at the beginning of the Oligocene and ranged up to the middle Tortonian.
BIOMETRY AND PRINCIPLES OF SPECIES DETERMINATION
The description of taxa in this work is mainly based on their biometric features as described in detail by Drooger (1993) . These features of larger foraminifera were studied in the equatorial plane of free specimens.
We adopt the terminology proposed by van der Vlerk (1959) and Drooger and Socin (1959) and use four parameters (explained in the header of Table 1 and using the measurements and counts shown in Fig. 3C ) for 77 Nephrolepidina and 10 Eulepidina specimens to characterize the taxa. Statistical data are summarized in Table 1 . On biometric grounds, we can only compare our Nephrolepidina assemblages with those of van Vessem (1978) , who recognized five species in the Early Miocene of the IndoMalaysian region.
Using the terminology proposed by Drooger (1952 Drooger ( , 1963 ) and Amato and Drooger (1969) , six parameters (explained in the header of Table 2 and using the measurements [in mm] and counts shown in Fig. 3A and B) were used for 76 specimens to characterize the miogypsinid taxa. Statistical data are summarized in Table 2 . Vertical sections were also prepared to observe the structure of the lateral layers. The principles used to determine miogypsinid taxa according to Drooger (1993) are shown in Figures 1 and 2 .
For the genus Cycloclypeus, we adopt the terminology used in Drooger and Roelofsen (1982) . We use six parameters (explained in the header of Table 3 and using the measurements and counts shown in Fig. 3D ) to characterize the equatorial sections of 18 specimens. Statistical data are summarized in Table 3 . In the nomenclature, we follow Drooger (1993) . For Operculina, we present only the inner cross-diameter of the proloculus.
In Tables 1-3 , grouped samples containing practically the same assemblages with similar parameters are evaluated both separately and jointly. However, the specific determination is given for the joint samples based on the total number of specimens. These specific data are marked always with bold letters. Species of the genera Miogypsina and Nephrolepidina were determined according to the biometrical limits of species for populations presented above. For comparison, some biometric data outside Adilcevaz are also presented in Tables 1-3 .
GEOLOGICAL SETTING AND MATERIAL
Turkey is situated at the collision boundary between Gondwana in the south and Laurasia in the north, and its mountain ranges constitute the easternmost segment of the Mediterranean Alpine chain (e.g., Ş engö r and Yılmaz, 1981; Okay and Tü ysü z, 1999) . In this part of the Tethys, the ocean that separated Gondwana from Laurasia included several oceanic plates bordering continental fragments ( Fig. 4A and B) . Much of eastern Anatolia, including the Lake Van region north of the Bitlis-Zagros suture, is considered part of one of these continental blocks located north of the Arabian plate. The present tectonic (Drooger and Roelofsen, 1982) ; **Navazuelo, sample SP935 (Laagland, 1990 by the deposition of continental sediments and widespread volcanic activity. The Lower Miocene shallow-marine deposits in the Adilcevaz region, north of Lake Van, are mainly limestones overlying Upper Cretaceous ophiolitic units. These limestones are overlain by thick continental clastic and volcanic units. The Miocene development of the region can be briefly summarized using the sequences recognized by Demirtaşlı and Pisoni (1965;  Fig. 4C ). Larger foraminifera are recorded only from the Adilcevaz Formation. The overlying, poorly consolidated, continental clastic units, lacustrine sediments, and volcanic rocks of middle (?) to late Miocene age will not be described.
1. The Ahlat Formation is a sequence devoid of foraminifera and typically composed of reddish-to brownishcolored continental conglomerates and sandstones about 500-1250 m thick, with subordinate siltstones and mudstone. Its age was considered by Demirtaşlı and Pisoni (1965) to be either Eocene-Early Miocene, based on its stratigraphic position below the Lower Miocene units, or Late Eocene, based on correlations with the continental units far to the west in the Muş region (Akay and others, 1989 ).
The Adilcevaz Formation unconformably overlies the
Ahlat Formation and ophiolitic Upper Cretaceous units. It is composed of a 50-800-m-thick sequence of shallow-marine, argillaceous and partly dolomitic limestones, very rich in red algae, corals, and bryozoans. Larger foraminifera occur only in the lower part of the sequence, which is represented by friable calcareous fine clastic sediments. The overlying horizons contain mainly red algae, bryozoans, and corals (see the description of the profile). A more detailed description of the facies development of the carbonates can be found in Büyü kutku (2003) . The foraminiferal assemblage at the type locality near Adilcevaz includes Miogypsina globulina, Operculina complanata, Miogypsina sp., Miogypsinoides sp., Amphistegina radiata and Amphistegina lessonii and can therefore be considered Burdigalian in age (Demirtaşlı and Pisoni, 1965) .
THE ADILCEVAZ SECTION
An 80-m-thick sequence of the Adilcevaz Formation was sampled along the main road from Ahlat to Ç ukurtarla, 4 km northwest of Adilcevaz (GPS data: 0283958, 4303243; 0284121, 4303425; Figs. 4A and B and 5). The basal part, overlying red conglomerates of the Ahlat Formation, is a 17-m-thick sequence of massive argillaceous limestone or calcareous sandstone containing abundant tests of larger foraminifera at a few horizons. Red algae, corals, and rare bryozoans, bivalves, and gastropods dominate most of the section. The lowermost larger foraminiferal horizon (sample AHL.1) yielded an association of Miogypsina globulina (Michelotti, 1841), Eulepidina aff. formosa Schlumberger, 1902, Nephrolepidina aff. sumatrensis (Brady, 1875) , and Operculina complanata (Defrance, 1822) . The second horizon (sample AHL.2), lying ,5 m above this, contains a similar assemblage accompanied by Miolepidocyclina burdigalensis (Gü mbel, 1870) and Cycloclypeus eidae Tan Sin Hok, 1932. The third level (sample AHL.3), which is about 2 m above the previous sample, is the richest and contains all the taxa mentioned previously. These larger foraminiferal assemblages are referred to as the SBZ 25 Zone of Cahuzac and Poignant (1997) mainly based on the miogypsinids indicating a Burdigalian age. The overlying horizons are poor in larger foraminifera, containing sporadic occurrences. In these horizons, red algae, corals, and bryozoans are the main fossil elements. Thus, this part of the section represents a reef environment in a shallowmarine, depositional setting. Family LEPIDOCYCLINIDAE Scheffen, 1932 Genus Nephrolepidina H. Douvillé, 1911 Nephrolepidina aff. sumatrensis (Brady, 1875) Pl. 1, Figs Orbitoides sumatrensis Brady, 1875, p. 536, pl. 14, figs. 3a-b, (fide in Ellis and Messina, 1941-) . Lepidocyclina (Nephrolepidina) sumatrensis (Brady) in Coleman, 1963, p. 20-22, pl. 7, figs. 3-10 . Lepidocyclina sumatrensis (Brady) in van Vessem, 1978, p. 126-127, pl. 1, fig. 3; pl. 3, figs. 9-10; pl. 4, figs. 1-5; pl. 5, figs. 1-6; pl. 10, figs. 12, 14-17. Diagnosis. Populations of Nephrolepidina with 40 , A , 52.5 and C , 3.75. Ribs may occur externally.
SYSTEMATIC PALEONTOLOGY
Morphotype 1. Megalospheric specimens of this category are medium-sized, lenticular, and ribbed, with four to eight ribs developed along the outer part of the test. (See Table 1 for biometrical data.) The ribs show various states of development and are frequently observed as short protrusions. The test diameter is mostly between 2 and 3.5 mm, including the ribs, and the thickness is up to 1.5 mm. The surface is pustulose, and the pustules are comparatively large around the umbonal part of the test (,200 mm in diameter). In equatorial sections, the embryonic apparatus is typically a nephrolepidine type; the average degree of the embracement of the protoconch by the deuteroconch (A) in our samples is 40-46. There are two to five adauxiliary chamberlets (C), averaging between 3.1 and 3.7 in the three samples 360 mm, respectively. The early equatorial chamberlets are ogival to spatulate in shape and are arranged in circular rings, which, toward the test periphery, become weakly to strongly undulated in correspondence to the position of ribs. In vertical sections, the equatorial layer increases in thickness from ,60 mm near the embryon to about 240 mm along the ribs at the periphery (Pl. 1, Fig. 15) . No microspheric specimens have yet been found.
Morphotype 2. These megalospheric specimens have almost the same test features as morphotype 1, but they do not exhibit external ribbing. (See Table 1 for biometrical data.) In equatorial sections, the embryonic features are like morphotype 1. The equatorial chamberlets, however, are arranged in circular rings throughout the adult stage. The average degree of the embracement of the protoconch by the deuteroconch (A) varies between 41 and 46 in the three samples. There are one to seven adauxiliary chamberlets (C), averaging between 3.2 and 3.8 in the same samples. The average inner diameters of the protoconch and deuteroconch for three samples are 190-240 mm and 300-350 mm, respectively. The early equatorial chamberlets are ogival to spatulate in shape and are arranged in circular rings, which may become very weakly undulated toward the test periphery. One single microspheric specimen was found (not illustrated) that shows the same features as other representatives of the genus Nephrolepidina (e.g., Pl. 9, Figs. 1-2 in Less, 1991) .
Remarks. The Adilcevaz specimens closely resemble N. sumatrensis, described by van Vessem (1978) in the Far East, although the deuteroconches of the Adilcevaz specimens at all three levels are larger. On biometric grounds, morphotypes 1 and 2 constitute a homogeneous population (Fig. 7) , and thus both are considered to belong to the same species. The development of ribbing in the Nephrolepidina in Europe and in the circum-Mediterranean region has so far not been recorded, although this feature has been depicted in numerous previous works in the Indo-West Pacific region. The taxonomic value of the ribbing, however, remains unclear. Both ribbed and un-ribbed specimens in an assemblage were classified under the same taxon. All three Nephrolepidina populations in our material have more primitive aspects in terms of A and C parameters than both N. tournoueri, described from Europe, and intermediates between N. morgani and N. tournoueri, described from the Burdigalian in the western Taurides (Antalya region) of Turkey (Table 1) . These populations, however, bear some resemblance to N. ex. interc. morgani-tournoueri populations (with a relatively small embryon) described from the Sivas Basin (Table 1) , where they are associated with E. aff. formosa and M. globulina. Our data show that both in the Sivas Basin and the Adilcevaz section, Nephrolepidina assemblages are conspicuously primitive in terms of embryon size, the number of adauxiliary chamberlets, and the degree of embracement of the protoconch by the deuteroconch.
Genus Eulepidina H. Douvillé, 1911 Eulepidina aff. formosa Schlumberger, 1902 Pl. 2, Figs. 7-10 Lepidocyclina formosa Schlumberger, 1902, p. 251-252, pl. 7, figs. 1-3. Diagnosis. The test is large and inflated due to numerous lateral layers and is typically saddle shaped. The surface of the test shows a net-like pattern with thick chamberlet walls. Pillars cannot be recognized on the surface. The moderately large eulepidine embryon (deuteroconch diameter is ,1,000 mm) is semi-globular in vertical section. In equatorial section, wide and moderately low, spatulate to hexagonal, equatorial chamberlets are arranged in regular annuli. Their average number in the first millimeter from the embryon (parameter n) is between 10 and 11 (Table 1) .
Remarks. (See Table 1 for biometrical data.) The taxonomic concept applied to E. formosa, reported from the Far East, is difficult since specimens having internally different embryonic parameters were assigned to this species (van der Vlerk, 1928; Cole, 1954; Hanzawa, 1957) . The species name is usually applied to Early Miocene Eulepidina individuals that have a centrally swollen, saddleshaped test (van der Vlerk, 1928) . The embryon dimensions, measured in the type species and in the figures of van der Vlerk (1928) , ranges between 1,000 and 1,250 mm, whilst in the original publication, the number of annuli in the first millimeter (parameter n) is ,10. Hanzawa (1957) considered this taxon to be synonymous with E. ephippioides, whilst Cole (1954) applied the name formosa to those specimens from the Mariana Islands that have a small embryon (450 and 650 mm) and tight annuli (n: between 17 and 20). Our specimens have a similar test morphology and embryon dimensions but are only compared with a specimen from the original description and are therefore assigned to this species with some reservation, especially considering the uncertainties in the stratigraphic distribution of Eulepidina in the Early Miocene of the Far East (see also Renema [2007] for a discussion) and the lack of biometric data for Indo-Pacific Eulepidina. We have recently discovered E. aff. formosa in the Lower Burdigalian from central and southwest Turkey with very similar biometric parameters (Table 1) in equatorial section to E. formosoides, a Late Rupelian species. The distinction of this species from E. formosoides and its phylogenetic offspring E. dilatata in their exterior and vertical section is as follows: E. aff. formosa is strongly inflated, and its embryon is semiglobular in the vertical section and covered by numerous lateral layers (Pl. 2, Fig. 8) , whereas E. formosoides and its phylogenetic offspring, E. dilatata are characteristically thin and have an elongated embryon in the vertical section covered only by a few lateral layers (see Wielandt-Schuster, 2004, Pl. 1, Figs. 3-4 for the vertical section of E. ex. gr. dilatata). The stratigraphic position of E. aff. formosa in our material is indisputable, since it coexists with multiserial Miogypsina (M. globulina and M. intermedia), which are characteristic of the Burdigalian. We suggest that E. aff. formosa and E. dilatata are not linked directly, since the genus Eulepidina seems to be absent from Aquitanian deposits in the Western Tethys region.
The name Eulepidina ephippioides (Jones and Chapman, 1900) is widely used for the representatives of this genus from the Early Miocene of the Far East. However, the concept of this species by different authors is so confusing that we have avoided using this name. Moreover, in E. ephippioides, the features of the equatorial section were not provided in the original description, and subsequently authors used this name for a variety of specimens that have quite different early ontogenetic features. Eulepidina ephippioides is characterized by a centrally swollen test and thick walls of lateral chamberlets and was thought to be Chattian in age rather than Early Miocene by Chaproniere (1984) , based on similarities of faunal compositions between the type-level in Christmas Island and Australia, where this taxon was cited frequently in Chattian beds. However, this species was also recorded in the Lower Miocene of New Zealand in association with M. globulina by the same author. Eulepidina ephippioides has been reported in supposedly Tertiary-e deposits by Coleman (1963) , Cole (1963) , and Adams (1965 Adams ( , 1984 , and from Tertiary-f deposits by van der Vlerk (1928) . Nuttall (1926) described these forms from the Miocene of Christmas Island, and Lange (1968) and Wielandt-Schuster (2004) described them in the Oligocene of Europe. Grimsdale (1952), Lange (1968), and Wielandt-Schuster (2004) considered this species to be the senior synonym of E. formosoides, which has a clear taxonomic concept in Europe (van Heck and Drooger, 1984) . Family MIOGYPSINIDAE Vaughan, 1928 Genus Miogypsina Sacco, 1893 Miogypsina globulina (Michelotti, 1841) Pl. 1, Figs Nummulites globulina Michelotti, 1841, p. 297, pl. 3, fig. 6 . Miogypsina irregularis (Michelotti) in Drooger, 1952, p. 54, pl. 2, figs. 25-29. Miogypsina globulina (Michelotti) in Drooger and Socin, 1959, pl. 1, fig. 5 . Raju, 1974, p. 82-83, pl. 2, figs. 1-4; pl. 5, figs. 6, 7; pl. 6, fig. 1 . Table 2 for biometrical data.) Miogypsina globulina is a Burdigalian species with a world-wide geographic distribution (from Central America to the Indo-West Pacific area and Europe). In the Far East, this species is usually associated with Lepidosemicyclina, which is not recorded in our material, and with Miolepidocyclina in the circum-Mediterranean region. In Turkey, the stratigraphic succession of M. gunteri -tani -globulina has been observed and confirmed in the Lower Miocene succession of the Sivas Basin, where M. globulina coexists with Nephrolepidina ex. interc. morgani-tournoueri (with relatively small embryon) and Eulepidina aff. formosa in the Burdigalian beds (Table 1) Orbitoides burdigalensis Gü mbel, 1870, p. 719. Miolepidocyclina burdigalensis (Gü mbel) in Brö nnimann, 1940, p. 81-86, pl. 7, figs. 1-6; pl. 8, figs. 20-22; pl. 9, figs. 4-7, 9 . Miogypsina (Miolepidocyclina) burdigalensis (Gü mbel) in Schiavinotto, 1979, p. 261-263, pl. 1, fig. 6; pl. 2, fig. 1 .
Diagnosis. Populations of

Diagnosis.
Populations of Miolepidocyclina with a centrally located embryonic-nepionic stage and with values of V mean between 0 and 45.
Remarks. (See Table 2 for biometrical data.) Miolepidocyclina is known to occur in the circum-Mediterranean region and has often been assigned to M. burdigalensis (de Mulder, 1975; Schiavinotto, 1979; Delicati and Schiavinotto, 1985; Wildenborg, 1991; Drooger, 1993; Fig. 9) . Representatives of this species in the Burdigalian of Turkey have been reported in the western Taurides (Ö rçen, 1991) , where they occur sporadically at the same level as M. intermedia (Table 2) , and in eastern Turkey (this study), which marks its easternmost occurrence. The reported occurrence of this taxon in Iran (Daneshian and Dana, 2007) cannot be confirmed since the species identification is based on a single vertical section. However, our data suggest it is highly probable that this taxon might have reached Iran by the Burdigalian. Family NUMMULITIDAE de Blainville, 1825 Genus Cycloclypeus Carpenter, 1856 Cycloclypeus eidae Tan Sin Hok, 1932 Pl. 2, Figs. 11-21, 23-27 Cycloclypeus eidae Tan Sin Hok, 1932, p. 50-59, pl. 5, fig. 6; pl. 12, figs. 2, 3; pl. 13, figs. 1, 2, 4-6. Diagnosis. Populations of Cycloclypeus with P mean 5 60-120 mm and Y mean 5 14-20 and regularly arranged annuli subdivided into nearly isometric chamberlets. The surface of the test is covered by delicate granules.
Remarks. (See Table 3 for biometrical data.) The Cycloclypeus specimens from Adilcevaz show the greatest similarities both externally and internally to C. eidae from the Far East (Tan Sin Hok, 1932; Drooger, 1955; Chaproniere, 1984; etc.) , Oman (Racey, 1995) , and the Mediterranean area (Spain: Laagland, 1990; Malta: Drooger and Roelofsen, 1982) . Compared to the latter, however, the number of pre-annular chambers is slightly lower, and even greater differences can be found in parameters S 4+5 and especially in S 14 (Table 3 ). These differences can easily be explained by the great age difference between the Ahlat and the Maltese populations. Comparison with the populations from the Far East can only be made by using average proloculus diameters and the average numbers of pre-annular chambers, which exhibit a quite good correlation.
Since Cycloclypeus is currently unknown from the Western Tethyan Aquitanian age, whilst it occurs in the present day Indo-West Pacific area, we assume that the presence of the genus in the Early Burdigalian of Adilcevaz was due to a re-immigration from the Far East after their disappearance in the circum-Mediterranean region at the end of the Oligocene. The occurrence of Cycloclypeus in the supposedly Aquitanian beds of Oman (Racey, 1995) Remarks. This form occurs without detectable evolutionary change in all our samples and ranges from the base of the Oligocene up to the Tortonian (SBZ 21-26; Cahuzac and Poignant, 1997) . It also shows a great range of intraspecific variability (Less, 1991) , and, consequently, no special attention was paid to a detailed study of this taxon. The inner proloculus diameter, measured on four specimens, varied between 85 and 140 mm, with an average of 110 mm. This value corresponds to those of the species coming from the lowest Chattian of the western Taurides and from the middle part of Kelereşdere section (Chattian) in eastern Anatolia (unpublished data). However, it is much lower than those of the specimens from the Upper Chattian (the SBZ 23 zone of Hungary in Less [1991] and the upper part of the Kelereşdere section).
DISCUSSION OF THE DATA AND PALEO-BIOGEOGRAPHIC IMPLICATIONS
In the Adilcevaz Formation, a reference stratigraphic section for the marine Burdigalian in eastern Turkey, the foraminiferal assemblage consists of Miogypsina, Miolepidocyclina, Nephrolepidina, Cycloclypeus, Eulepidina, and Operculina, which have not been previously recorded from the Early Miocene of Europe or the Mediterranean region. However, many of these genera have previously been recorded from the Late Oligocene of the Mediterranean and Middle East. The assemblages strongly resemble Early Miocene foraminiferal faunas of Southeast Asia, especially those from the Indo-Malaysian region (Fig. 9) . Of these genera, only Miolepidocyclina is exclusive to the Western Tethys province, having a geographic distribution in the circum-Mediterranean region and showing the western influence from the northwestern Tethyan faunal elements.
The specimens identified as Eulepidina aff. formosa from the Burdigalian units in the Sivas Basin and coeval strata in the western Taurides possess much smaller embryon dimensions when compared to the Chattian species, E. dilatata, so far recognized as the stratigraphically youngest member of the genus in Turkey. Aquitanian sections of the Sivas Basin, the only known shallow-marine sections with larger foraminifera for this stage in Turkey. In these sections, a succession of Miogypsina gunteri and M. tani accompanies a rich association of Nephrolepidina morgani or N. ex. interc. morgani-tournoueri and Operculina complanata. Based on these data, we suggest that different Eulepidina lineages existed during the Late Chattian and Burdigalian ages in Turkey. Cycloclypeus eidae has biometric features similar to those described from the Early Miocene in the Indo-Malaysian region. No occurrences of the genus in the Early Miocene in the circum-Mediterranean region have been noted previously, although the taxon has been recorded from the Late Oligocene of Spain, Italy, Malta, Israel, and Oman (Matteucci and Schiavinotto, 1977, 1985; Laagland, 1990; Racey, 1995) . Therefore, we suggest that this genus reimmigrated in the early Burdigalian from the Far East to the west and reached at least the region of the recent Lake Van.
Nephrolepidina is represented by two morphotypes, differentiated based on the presence (or absence) of ribs, a morphologic feature reported from some Early Miocene Indo-West Pacific Nephrolepidina. Both morphotypes (ribbed and un-ribbed) form a homogeneous population in our material, based on the biometrics of the internal parameters. These can be compared with the data from the Indo-Malaysian region (van Vessem, 1978) and are tentatively attributed to Nephrolepidina aff. sumatrensis. Our specimens from Adilcevaz, however, have comparatively larger embryons.
In Turkey, the Early Miocene, especially the Burdigalian age, witnessed changes in the paleo-geography of the Tethys Sea owing to the collision of the African Plate with Anatolia (Ş engö r and Yılmaz, 1981) . This is supported by the observed dramatic facies shifts during this time and also by the comparison of the faunas of the Mediterranean region with those of the Indo-West Pacific at different times through the Oligocene to Early Miocene (Rö gl, 1998) . After comparing both the molluscan and foraminiferal data, the Burdigalian period was suggested to show a remarkable separation in the composition of these groups (Harzhauser and others, 2002; Renema, 2007) . Harzhauser and others (2007) proposed that during the Aquitanian, the molluscan faunas of the Arabian shelf witnessed a takeover by Indo-West Pacific species and a strong decline of Western Tethyan species. Our foraminiferal data tend to confirm this general trend, showing a strong influence by the foraminifera of Southeast Asia prior to the closure of the seaway between the Mediterranean Sea and the Indian and Pacific Oceans. The extent of faunal influence westward seems to be broader in terms of larger foraminifera, indicating that Anatolia occupied a region between the Western Tethyan and Indo-Pacific faunal provinces during the Burdigalian. Farther to the east of our locality, Racey (1995) reported an Aquitanian foraminiferal assemblage that indicated mixing of Indo-Pacific and Mediterranean foraminiferal faunas. However, this interpretation should be considered very cautiously. The Burdigalian foraminiferal incursion seems to be the most significant event compared to other Late Oligocene-Early Miocene foraminiferal events in Turkey and might have been the result of extreme narrowing of Tethyan deep-marine areas extending between the two regions prior to the collision of Europe with the African Plate. However, the possible route for the restricted connection of this seaway cannot be discussed fully in the absence of adequate foraminiferal data from Iran, Iraq, and regions farther east. Our data show the necessity of the revision of larger foraminifera, especially farther east of our locality, in Iran and Pakistan, for a better understanding of foraminiferal events during the Early Miocene.
